Objectives: To characterise risk factors for the acquisition of genital warts and specifically to determine whether condoms confer protection from infection. Methods: A retrospective case-control study comparing demographic, behavioural, and sexual factors in men and women with and without newly diagnosed genital warts, who attended Sydney Sexual Health Centre (SSHC), an inner city public sexual health centre, in 1996. Data were extracted from the SSHC database. Crude odds ratios (OR) were calculated to compare cases and controls and significant factors were then controlled for using multivariate logistic regression to obtain adjusted odds ratios (ORs). Results: 977 patients with warts and 977 controls matched by sex and date of attendance were included. In both sexes, univariate analysis revealed that younger age, more lifetime sexual partners, failure to use condoms, greater cigarette smoking and alcohol consumption were associated with warts, and there was a negative association with previous infection with Chlamydia trachomatis, Neisseria gonorrhoeae, hepatitis B, and genital herpes. In males, on multivariate analysis, factors which remained significant were younger age, more lifetime sexual partners; failure to use condoms, greater cigarette smoking, and previous chlamydia. In women, factors which remained significant were younger age, more lifetime sexual partners, condom use, marital status, and previous infections with Chlamydia trachomatis and herpes. Conclusions: Independent risk factors for genital warts include younger age, greater number of lifetime sexual partners, and smoking. Consistent condom use significantly reduces the risk of acquiring genital warts. (Sex Transm Inf 1999;75:312-316) 
Introduction
Genital warts are increasing in incidence worldwide and, as a consequence of the control of the bacterial STDs, have become one of the most common infections in the developed world. The Centers for Disease Control (CDC) estimated that there were between 500 000 and one million new cases of genital warts diagnosed in STD clinics in the United States in 1992. 1 In the past decade, there has been about a 300% increase in the number of patients with genital warts who attend STD clinics in the United Kingdom. 2 In Australia, the Sydney Sexual Health Centre (SSHC), one of the largest public STD clinics, has reported a sharp rise in genital warts during the past 20 years. The proportion of patients attending SSHC with genital warts annually has increased from 1% in 1973 to 7% in recent years. 3 It is the commonest diagnosis in the clinic. A similar increase in cases has been reported in other countries. 4 5 There are several possible reasons for this increase, including changes in sexual behaviour, subclinical human papillomavirus (HPV) infection, inadequate treatment, and frequent relapses.
The identification of risk factors for the acquisition of HPV is complicated by the high rate of subclinical infection, the absence of routine diagnostic tests to establish diagnosis, and the use of diVerent testing methods in published studies. Previous studies have suggested a possible link between HPV infection and a number of demographic and sexual factors, including younger age, greater number of sexual partners, use of oral contraceptives, and smoking. [6] [7] [8] [9] [10] However, results from diVerent studies have failed to confirm these as risk factors. 7 9-11 Other factors such as race, socioeconomic status, and marital status have been investigated in some studies, but again, the results have been inconclusive.
This case-control study tested the association between a variety of potential risk factors and the presence of genital warts in clinic attenders, using a multivariate model to determine independent risk factors.
Subjects and methods
All patients with a new diagnosis of macroscopic genital warts who attended SSHC from 1 January to 31 December 1996 were included in the study group. Controls were patients who were not diagnosed as having genital warts, matched by sex and same date of attendance. Patients with cervical intraepithelial neoplasia (CIN) and HPV (cytological diagnosis) were excluded since these diseases are related to HPV infection but may have diVerent transmission characteristics and natural histories.
Data were obtained from computerised pro forma medical records held on the clinic database. Continuous variables, such as age, were treated as categorical variables by grouping. Comparisons between cases and controls were performed using 2 tests for categorical variables, using the Mantel-Haenszel trend test when appropriate. Crude odds ratios with their 95% confidence interval (CI) were calculated in a univariate analysis to compare grouped study factors between cases and controls.
Factors which were related to genital warts in univariate analysis (p<0.10) were further analysed using unconditional logistic regression models to permit statistical control of confounding variables. These included demographic characteristics, number of sexual partners, smoking, and alcohol consumption. The adjusted odds ratios (ORs) with their 95% CI were then calculated. The use of OR as an approximate relative risk (RR) is justified since genital warts are considered to be a rare disease in the general population. All analyses were conducted separately for women and men. Statistical analysis was performed using the SPSS package.
Results
A total of 12 496 individuals (7234 men, 5262 women) attended Sydney Sexual Health Centre during 1996 and 977 patients (649 men and 328 women) presented with a new diagnosis of genital warts.
The sample was ethnically mixed and the countries of birth of cases and controls were similar. Individuals were predominantly Australian born residents (61.3%). The rest were from England (10.5%), New Zealand (6.5%), and 60 other countries around the world. Most of the subjects were sexually experienced. The median lifetime number of sex partners was 20 for men and eight for women. Only 3.6% of cases and 6.7% of controls reported no sex partners in their lifetime.
The median age of men and women with genital warts was 28 years and 24 years respectively compared with 33 years and 30 years for their corresponding controls.
On univariate analysis, the presence of genital warts was associated with a number of demographic, social, and sexual factors. In males these included younger age, any history of cigarette smoking, alcohol consumption, greater number of lifetime sexual partners, and less frequent condom use. In females, risk factors included younger age, never having married, being unemployed, cigarette smoking, alcohol consumption, and less frequent condom use. In men a previous history of chlamydia and gonorrhoea was negatively associated with the presence of genital warts with unadjusted ORs of 0.5 (95% CI 0.4-0.6) and 0.5 (95% CI 0.4-0.8) respectively. In women a previous history of chlamydia and gonorrhoea was also negatively associated with the presence of genital warts with unadjusted ORs of 0.5 (95% CI 0.3-0.8) and 0.3 (95% CI 0.1-0.7) respectively. In addition, for women, a negative association was noted for previous genital herpes (unadjusted OR 0.4, 95% CI 0.2-0.7) and previous hepatitis B (unadjusted OR 0.3, 95% CI 0.1-0.7).
A highly significant dose-response eVect was seen for cigarette smoking. Smokers of more than 10 cigarettes per day were twice as likely to have genital warts as were non-smokers (unadjusted OR = 2.0, 95% CI 1.7-3.7), while smokers of less than 10 cigarettes per day showed a significant but lesser risk (OR 1.5, 95% CI 1.1-2.1). The results were similar for women.
Alcohol consumption in men was associated with genital warts and also displayed a significant dose-response eVect (p trend = 0.002). Compared with men who drank no alcohol, the OR of genital warts for men who consumed more than 51 g per week of alcohol was 1.5 with 95% CI of 1.1 to 2.0. In contrast, no significant diVerence in alcohol consumption between cases and controls was found for women.
The results of multivariate analysis are shown in tables 1 and 2.
The diVerence in age distribution between those with and without genital warts remained significant for both men and women, and the odds ratio showed a very strong negative trend with age (table 2) . In men, the eVect of smoking and number of lifetime partners was minimally aVected by adjustment for other variables. However, alcohol consumption was not independently associated with increased risk of acquisition of genital warts.
In contrast, in women, after controlling for confounding variables, smoking, and number of lifetime sexual partners were no longer significantly associated with genital warts. Alcohol remained marginally significant. Compared with women who drank no alcohol, the adjusted odds ratio for genital warts for women who drank more than 51 g of alcohol per week was 1.2 (95% CI 0.8-1.9). Interestingly, the eVect of marital status remained highly significant but the direction of the OR reversed. The relative risk of genital warts for women who had separated or divorced was around three times higher with 95% CI of 1.5-6.0, compared with those women who had never married. Occupation remained a significant risk factor.
After adjusting for other confounders, the diVerence in condom use between cases and controls remained significant for both men and women (table 1) . Consistent condom use conferred significant reduction in risk of acquisition of warts. Previous chlamydial infection in both sexes remained negatively associated with risk of genital warts on multivariate analysis. Individuals with a history of chlamydia had a lower risk of genital warts than those with no previous chlamydia. In men and women the OR was 0.52 with 95% CI of 0.4-0.7, and 0.3-0.9 respectively. In addition, women who had genital herpes had a lower risk of acquisition of genital warts, compared with controls (OR 0.53 with 95% CI 0.3-1.0).
Discussion
This study aimed to address some of the inconsistencies in published reports by using a retrospective case-control design with almost 1000 patients who presented to a sexual health clinic with exophytic genital warts. Controls were from the same population and matched for sex and day of attendance. Analyses were conducted separately for men and women because risk factors diVered between the sexes. A multivariate model was used to establish independent variables.
Our study design did not allow for the control of all potential confounding variables.
Data were extracted retrospectively from the pro forma medical records, which are in routine use in the clinic. It was not possible to obtain information on certain factors of potential relevance, such as oral contraceptive use, age at first intercourse, patients' knowledge of HPV infection, nature of genital skin contact, and specific sexual practice, as this information is not collected in a standardised format. The diagnosis of genital warts was made by clinical impression and not all patients were seen by the same physician. This may result in misdiagnosis. In common with all studies on sexual behaviour, recall bias with respect to numbers of sexual partners and condom use cannot be excluded. Our study sample was confined to clinic attenders. It is possible that these patients are not representative of patients with warts in the general community and that this introduced selection bias.
The use of condoms to reduce risk of acquisition of genital warts is often advised in clinical practice, 12 as it is believed that HPV is transmitted by skin to skin contact and that condoms provide a barrier to transmission of HPV from infected areas of skin. However, we are not aware of any published studies which have established that the use of condoms does reduce the transmission of HPV for patients with genital warts. In contrast, previous studies have failed to show a protective eVect of condom use. [13] [14] [15] This study is the first to demonstrate that in both sexes, failure to use condoms is independently associated with an increased risk of acquisition of genital warts, and that consistent condom use is associated with a decreased risk of acquisition of genital warts (table 1) . These data go far in answering important questions in the demand for an evidence based approach 12 to patient information on transmission of genital warts and methods of risk.
In men and women, genital warts were independently associated with younger age, which supports data from previous studies and coincides with the time of peak prevalence of HPV. 16 17 The peak incidence in women occurred in the early 20s and in men in the late 20s. This pattern was similar to but slightly later than in Simms and Fairley's large UK study, which reported the peak attendance for first episode genital warts in women to be in the 16-24 year age group and in men in the 20-24 year age group. 18 Genital warts decreased markedly with increasing age, independent of sexual behaviour and numbers of sexual partners. The reasons for this age eVect are unclear but may be related to the host genital tract immune response. The importance of host responses in determining wart clearance is well recognised. 19 20 It has been suggested that older individuals may be more resistant to infection, may be able to clear virus rapidly, or induce faster wart regression. 21 Greater numbers of lifetime sexual partners were independently associated with an increased risk of genital warts in men only. Men with 10 or more lifetime partners were approximately twice as likely to acquire genital warts as were men with no or one lifetime sexual partner. A significant trend was seen for increasing risk of genital warts with increasing numbers of lifetime sexual partners. It is interesting that no such association was found for women in our study. Data from published studies have linked risk of acquisition of genital warts with multiple sexual partners for both sexes. 7 8 However, studies of HPV DNA detection from the genital tract have yielded inconsistent results. In part this could be due to diVerences in sensitivities and specificities of the particular molecular technique used, but also to the diVering age and STD profiles of the populations under study. In one study of 13-19 year old sexually active women, a history of more than three previous sexual partners was the most important risk factor for HPV DNA detection. 22 However, a number of other studies have failed to detect an association between numbers of lifetime sexual partners and HPV detection. 21 23 In this study, cigarette smoking was strongly linked to the risk of genital warts in men. A dose-response eVect was detected in which smokers of more than 10 cigarettes per day were found to be twice as likely to have genital warts as non-smoking men. In contrast, in women no such association was detected after adjusting for other risk factors. The reasons for such a striking sex diVerence require further study. A recent study of the relation between cigarette smoking and the risk of acquisition of genital warts in a cohort of HIV positive women and a group of HIV negative female controls, reported that in both groups, smokers were five times as likely to develop genital warts as were non-smokers, and that HIV positive women were significantly more likely to develop warts than the negative controls. 24 The baseline prevalence of HPV DNA was similar in smokers and non-smokers. This suggests that the rate of progression of exophytic genital warts is increased in smokers and may reflect a local cigarette induced immune modulation. However, a study in Greenland and Denmark did not show any association between smoking and HPV infection. 23 Few studies have examined the eVect of marital status and occupation on prevalence of genital warts. In this study, after adjustment for confounding variables, divorced or separated women were around three times more likely to acquire genital warts as women who had never married. One previous study reported that unmarried women were more at risk of HPV infection. 21 In that report, the subjects were young women only, which makes it diYcult to relate the results to our study which included women of a much wider age range. An early case-control study of 120 women with condylomata found that patients were more likely to be single or divorced than the controls, 25 in partial agreement with our results. Low socioeconomic status has been implicated as a risk factor for HPV infection in some countries. 6 In this study, women receiving benefit were most likely to have genital warts. It is unclear why no such associations were detected in men.
Men and women who reported previous chlamydial infection and women who had a history of genital herpes were less likely to acquire genital warts. In contrast, Beuret et al reported that women with genital warts were more likely to have evidence of previous chlamydial infection by serum antibody testing. 25 In addition, Davidson et al hypothesise that presence of other STDs, particularly genital herpes, may increase the risk of acquisition of HPV in the genital tract.
14 Interpretation of our findings is limited by the retrospective nature of the study and further work is required to investigate this apparent association, To our knowledge, this is the first published study which provides strong evidence for the protective role of condoms in reducing the risk of acquisition of genital warts. Information currently given to patients by sexual health physicians on condom use in the prevention of transmission of genital HPV is highly variable. 12 This paper provides the evidence upon which to base future condom recommendations.
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